hyper-accumulator plants [5] . This process for metals removal, called phytoremediation, is an economically feasible and environmentally safe technique [6] . Our previous research has shown that Catharanthus species may be used for the phytoextration of copper and lead [7] . Some other researchers have also demonstrated the potential of these species for phytoremediation of Pb-, Cr-, and Ni-contaminated soils [8] [9] [10] , which is why C. longifolius -a cosmopolitan ornamental plant belonging to Catharanthus genus -was evaluated for its potential regarding phytoremediation of Cd-contaminated soil.
The lipid peroxidation caused by increased production of reactive oxygen species (ROS) enhances the membrane permeability in plants under Cd stress [11] . The superoxide dismutase (SOD) helps plants overcome this oxidative stress by dismutation of O 2 − to O 2 and H 2 O 2 [12] . Similarly, peroxidase (POD), ascorbate peroxidase (APX), and catalase (CAT) detoxify H 2 O 2 [13] . Moreover, the formation of phytochelatins and metal complex help in detoxifying or distributing injurious metals to specific parts of the plants [14] . However, most of the hyper-accumulator plants recognized hitherto exhibit poor growth, biomass production, and phytoremediation potential in soils polluted by higher concentrations of heavy metal [15] .
The rhizospheric microbes associated with plant roots may manipulate plant growth and uptake of heavy metals in an environmentally safe manner [16] . These microorganisms are capable of enhancing the mobility and subsequent bioavailability of heavy metals [17] . Certain rhizobacteria that have the ability to produce siderophore and plant hormones improve uptake and translocation of metalloids in assisted plants [18] . The rhizobacteria having growth promoting attributes such as synthesis of phytohormones, nitrogen fixation, solubilization of phosphate, and other nutrients may improve plant growth. These soil-inhabitant bacteria are termed plant growth-promoting rhizobacteria (PGPR). These PGPR assist inoculated plants in alleviating heavy metal stress [19] [20] . Consequently, the intentions of current research were: (1) screening and identifying Cd-resistant rhizobacteria, (2) assessing growthpromoting attributes of screened bacterium, and (3) evaluating the Cd phytoextraction and stress-alleviating capability of inoculated and un-inoculated C. longifolius plants.
Material and Methods

Procuring Rhizobacteria
For the isolation of Cd-resistant rhizobacteria, 10 g composite rhizospheric soil obtained from healthy C. longifolius plants growing in soil polluted by heavy metal-contaminated industrial effluents was mixed thoroughly in 90 ml distilled sterilized water [21] . From soil sample 10 -6 serial dilution was spread plated on LB media supplemented with CdCl 2 (200 mg l -1 Cd) and incubated for 3 days at 28°C. The rhizobacteria with distinguished bacterial colony was cultured on Cd-contaminated media according to the spread plate technique [22] .
Analyzing Minimum Inhibitory Concentration (MIC)
The obtained bacterial isolates were cultured on different concentrations of Cd-contaminated LB media at 28ºC for 72 h to assess MIC value according to the European food safety authority (EFSA) in Parma, Italy (2012) [23] .
Identifying Screened Rhizobacteria
From the isolated Cd-resistant rhizobacteria, the uppermost Cd-resistant CS9 (250 mg l -1 Cd; MIC) was identified by observing morphological and biochemical tests [24] . The bacterial identification was further confirmed by 16 s rRNA gene analysis. The genomic DNA of bacterial isolate was extracted with the help of a QIAGEN genomic DNA isolation kit following the manufacturer's guidelines. The universal primers 27F (5′-AGA GTT TGA TCC TGG CTC AG-3′) and 1492R (5′-GGT TAC CTT GTT ACG ACT T-3′) were employed for the amplification of 16S rRNA gene followed by performing PCR in the thermocycler. After amplifying 16S rRNA, products were purified using a PCR purification kit. The big dye terminator cycle sequencing kit was used to sequence the product. The sequence obtained for Acinetobacter sp. CS9 was matched with an existing sequence in the database Gene Bank by means of NCBI BLAST and submitted to the Gene Bank. The screened rhizobacteria was also deposited in the Bacterial Conservatory, Institute of Agricultural Sciences, University of the Punjab Lahore Pakistan under accession number 686.
Quantifying water-Extractable Cadmium from Soil
For determining water-extractable Cd, 4 g of inoculated and un-inoculated soil sample was mixed in 40 ml water and placed in a shaker at 25ºC. After 48 h, soil suspension was centrifuged and filtered supernatant was used for assessing Cd [25] .
Growth-Promoting Attributes of Acinetobactor sp. CS9
we observed the indole acetic acid (IAA) production capability of screened bacterial isolate. For this purpose, the 50 μl of bacterial cells suspended in saline solution (0.9%) were inoculated in an agar plate placed in shade for 72 h at 28ºC. Then Salkowsky reagent (200 μl) was also applied over bacterial cells. The formation of pink colour after 0.5 h was an indication of auxin-producing capability [26] . The screened bacterial isolate was inoculated in plates containing Pikovskyaya's medium containing 6 gl -1 NaCl supplemented with insoluble tricalcium to determine phosphate solubilization capability. The inoculated plates were placed at 38ºC for 72 h. The formation of clear halo in plates represented positive testing for phosphate solubilization [27] .
The screened bacterial isolate was inoculated on chrome azurol S agar plates placed at 28ºC for 72 h. The formation of an orange halo surrounding the bacterial colony was regarded as a positive test for siderophore production capability [28] . The 1-aminocyclopropane-1-carboxylate (ACC) deaminase (ACCD) activity was analyzed accordingly [29] .
Preparing the Bacterial Inoculum
The rhizobacteria was cultured on LB broth placed on a rotary shaker (120 rpm) at 28°C. After 24 h, the bacterial culture was centrifuged at 6,000 × g for 5 min. The concentration of bacterial cells was adjusted (10 8 CFU ml -1 ) in sodium chloride solution (0.8 %) by taking absorbance at 610 nm.
Greenhouse Experiment
The composite soil sample was air-dried and passed through a 6-mm plastic sieve. The physicochemical characteristics of loamy soil obtained from the Conventional and Non-Conventional Agricultural Farm at the University of the Punjab exhibited: P 0.81 g kg -1 , K 2.95 g kg , and OM 4.03 g kg -1 , with 7.3 pH. All the living organisms from soil were killed by sterilizing at 121ºC for 35 min [30] . while using CdCl 2 , this soil was contaminated with 0, 100, and 200 mg Cd kg -1 soil. The contaminated soil was subjected to equilibrium with distilled sterilized water saturating for 30 days in a greenhouse at 25±3ºC. The soil samples (2 kg) were filled in the allotted plastic pots (50 cm 3 ) devoid of bottom holes. The seeds of C. longifolius were soaked in Acinetobacter sp. CS9 inoculum for 30 min. The distilled water was used for seed-soaking in case of non-inoculated treatments. The treated seeds were sown equidistantly in allotted pots (5 seed pot -1 ). Each treatment had 3 replicates (three pots) and all pots were placed under greenhouse conditions at 25±3ºC for 60 days and irrigated with equal amounts of distilled water every 2 nd day.
Analyzing Lipid Peroxidation
Lipid peroxidation was estimated by quantifying malondialdehyde (MDA) produced by the thiobarbituric acid reaction [31] . For this purpose, a fresh plant sample was mixed with ice-cold extraction buffer (0.7% of NaH 2 PO 4 . 2 H 2 O and 1.6% Na 2 HPO 4 . 12 H 2 O) using a mortar and pestle. The homogenate was centrifuged at 14,000 × g for 0.5 h. The one ml resulting supernatant was homogenized with 4 ml of 0.5% (w/v) thiobarbituric acid solution supplemented with 20% (w/v) thiobarbituric acid. This solution was placed at 95ºC for 0.5 h and cooled immediately. The colorimetric value of the solution was observed at 532 nm, while correction for non-specific absorbance was accomplished by deducting the absorbance value obtained at 600 nm. The amount of MDA was evaluated from its molar extinction coefficient (155 mM −1 cm −1
).
Assessing Enzymatic Activity
The frozen fresh plant samples were ground with the help of an ice-cold mortar and pestle. For evaluating SOD activity, a ground plant sample was homogenized with 3 mL of 100 mM K-phosphate extraction buffer (pH 7.8), EDTA (0.1 mM), 2-mercaptoethanol (14 mM), and Triton X-100 (0.1% v/v). whereas for evaluation of CAT and APX activity, the ground plant sample was homogenized with 50 mM K-phosphate extraction buffer (pH 7.0), EDTA (2 mM), ascorbate (20 mM), and Triton X-100 (0.1% v/v). The homogenates were centrifuged at 15000 ×g at 4ºC for 15 min and supernatant were used for determining total soluble protein [32] and subsequent enzyme activity.
For evaluating SOD cativity, the absorbance of reaction mixture having 50 mM K phosphate buffer (pH 7.8), EDTA (0.1 mM), methionine (13 mM), nitrobluetetrazolium (75 μM), riboflavin (2 μM), and enzyme extract (100 μl) was observed at 560 nm [33] . For assessing CAT activity, enzyme extract (20 μl) was homogenated with reaction mixture (3 mL) having 100 mM phosphate extraction buffer (pH 7.0), EDTA (0.1 mM), and H 2 O 2 (0.1%). The reduced quantity of H 2 O 2 in homogenate was estimated at 240 nm and calculated with the help of extinction coefficient [34] . For determining POD activity, enzyme extract (0.1 ml) was homogenized with 20 mMl −1 guaiacol (50 μl) and 10 mM l −1 phosphate buffer (2.8 ml at pH 7.0). The reaction mixture contained 40 mM l −1 H 2 O 2 (50 μl). The oxidation of guaiacol to tetraguaiacol was observed at 470 nm for 1 min [35] .
Determining Soluble Sugar Contents
For analysis of soluble sugars, the fine powder of plant samples (100 mg) was thoroughly mixed with 80% (v/v) ethanol. The spectrophotometric value of this solution was observed after 72 h at 585 nm and compared with the standard curve of glucose [36] .
Determining Chlorophyll Content
The chlorophyll contents from fresh leaves were analyzed by taking SPAD value with the help of a chlorophyll meter.
Determining Plant Growth, Bioconcentration, and Translocation Factors
After 60 days, the treated C. longifolius plants were uprooted carefully, washed with tap water, and air-dried at room temperature. The number of leaves, root length, shoot lengths, and their respective fresh weight were measured. The dry weight of leaves, roots, and shoots were also measured by drying these samples in an oven at 120°C for 12 h. The oven-dried leaves, root, and shoot samples were finely ground and the fine powders of these samples were digested with nitric acid-perchloric acid (4:1, v/v) solution. The quantity of Cd present in plant tissues was analyzed using flame atomic absorption spectrophotometry. The bioconcentration factor (BCF) and translocation factor (TF) for Cd were measured from the following formulas:
Statistical Analysis
The research trials were conducted using completely randomized design. There were three replicates for each treatment. The data were subjected to analysis of variance and tested at P≤0·05 significance level using DSAASTAT software. Significance differences were estimated by Duncan's test.
Results and discussion
Cd-tolerance, Bacterial Identification, and Analysis of Growth-Promoting Characteristics
The bacterial isolate that showed maximum MIC value for Cd (250 mg l -1 ) was screened for downstream experimentation. This rod-shaped bacterium showed pale circular colony on petri plates. This rhizobacterium exhibited positive results for catalase, citrate, and arginine hydrolysis tests. It showed negative results for oxidase, motility, urease, nitrate reduction, hemolysis, gelatin hydrolysios, and Gram tests. According to Bergey's Manual, the screened bacterium was identified as Acinetobactor sp. This identification was confirmed by molecular identification. The isolate was assigned accession number Acinetobactor sp. CS9: KY026606 from NCBI. The similarity index analysis of said bacterium with already existing bacteria demonstrated that it had 98.56%, 96.53%, 95.87%, and 91.30% alignment similarity with Acinetobacter sp. strain SZ051, Acinetobacter sp. strain Y15, Acinetobacter sp. strain 5L4, and Acinetobacter sp. AG-LSL1, respectively.
On the basis of minimum inhibitory concentration, bacterium was found resistant up to 250 mg l -1 Cd. Results showed that Acinetobacter sp. CS9 exhibited positive results for auxin and siderophores production. The strain also demonstrated phosphate solubilization and ACCD activity. According to our information, this is the first time that a native Acinetobacter sp. has exhibited plant growth-promoting attributes and Cd resistance.
Effect of Acinetobactor sp. CS9 on Growth of C. longifolius Plants During our current study, reduced growth in terms of root length, shoot length, number of leaves, root, shoot, and leaves dry biomass was observed in C. longifolius plants cultivated in Cd-contaminated soils as compared to those growing in non-contaminated soils. However, Acinetobactor sp. CS9 inoculation improved the growth of C. longifolius plants grown either in the absence or presence of Cd stress (Fig. 1) . Our results revealed that the shoot length, root length, number of leaves, and root, shoot, and leaves dry biomass declined up to 13%, 22%, 24%, 19%, 21%, and 11%, respectively, under the influence of 100 mg kg -1 Cd as compared to non-contaminated control, whereas Acinetobactor sp. CS9 inoculation improved shoot length, root length, number of leaves and roots, and leaves as well as shoot dry weight up to 11%, 13%, 14, 20%, 33%, and 15% under 200 mg kg -1 Cd, respectively, as compared to corresponding un-inoculated treatment.
The plants may tolerate heavy metal contamination up to certain limit above which plants exhibit symptoms of metal phytotoxicity [37] . It was revealed that Cd reduces plant growth and biomass production in a dose-dependent manner. Some other researchers have also reported the negative effect of Cd stress on growth and biomass production of subjected plants [38] [39] . The reduced biomass production may be a result of Cd phytotoxicity that reduces nutrient uptake and photosynthetic activity in plants [40] . The stress may reduce turgidity of plant cells [41] . Results of the previous study also revealed that bacteria inoculation increased biomass production in Solanum nigrum plants subjected to Cd stress [42] . The bacteria capable of synthesizing auxin and with phosphate solubilization capability boost plant growth by increasing cell division and elongation, root initiation, and stress alleviation [43] [44] .
Effect of Bacterial Inoculation on Physiological traits of C. longifolius Plants
The C. longifolius were challenged by being grown in soils amended with different concentrations of Cd. The physiological parameters such as activity of antioxidant enzymes (CAT, POD, SOD) and quantification of MDA, chlorophyll, soluble sugar, and protein contents were employed to determine the extent of Cd stress in C. longifolius plants. During our current study, uninoculated C. longifolius plants exhibited enhanced SOD activities in 100 mg kg -1 Cd as compared to un-contaminated control. However, relatively decreased SOD activities were observed in 200 mg kg -1 Cd in contrast to 100 mg kg -1 Cd (Fig. 2) . On the other hand, the inoculation of Acinetobactor sp. CS9 improved activities of SOD in the leaves and roots of C. longifolius under 0, 100, and 200 mg Cd kg -1 soils as compared to respective uninoculated treatments. During our present experiments, CAT activities decreased when un-inoculated plants were subjected to higher concentrations of Cd. The inoculated plants showed relatively higher CAT activity in contrast to respective un-inoculated treatment. The inoculated C. longifolius plants showed 32% and 13% reduced POD activity in their leaves under 100 and 200 mg kg -1 Cd-treated soils as compared to corresponding uninoculated treatments, respectively. A similar trend of decreased POD activity was observed in roots of inoculated plants subjected to Cd stress (Fig. 2) . The increased activity of antioxidant enzymes may reduce the production of ROS in plants under stress. The current study revealed increased levels of CAT and SOD in plants under Cd stress [45] . The activity of these enzymes was further increased in inoculated plants under Cd stress. However, increased POD activity was observed in plants growing in Cd-contaminated soils. The inoculated plants exhibited reduced POD activity in all treatments as compared to respective un-inoculated treatment. Our results regarding POD activity are in accordance with already reported findings by some researchers [46] .
The quantity of soluble sugar contents in plant leaves was dose dependent and reduced by increasing the concentration of Cd in soils. However, the application of Acinetobactor sp. CS9 further improved the amount of soluble sugar contents in C. longifolius as compared to un-inoculated control (Fig. 3) . Reduced SPAD values were observed in plants under Cd stress. This reduction in chlorophyll content was dose-dependent and least chlorophyll contents were recorded in un-inoculated plants grown in 200 mg kg -1 Cd. The bacterial inoculation improved chlorophyll contents in all treatments in contrast to respective un-inoculated plants. Significantly low soluble protein contents were observed in 200 mg kg -1 Cd-treated soils compared to un-contaminated control. The inoculated C. longifolius plants showed relatively higher soluble protein contents in their leaves and roots in contrast with corresponding un-inoculated plants.
It has been observed that metal-resistant growthpromoting rhizobacteria improve photosynthetic contents and subsequent plant growth in plants growing under heavy metal stress [47] . Some researchers have revealed that plants exhibit reduced total sugar contents under stress [48] . However, inoculation of growth-promoting bacteria enhance both total sugar and protein contents in metal-stressed plants and help in alleviating relative stress [49] [50] .
Higher MDA levels in plants were observed at higher Cd concentrations. However, inoculated plants showed relatively low MDA contents as compared to corresponding un-inoculated plants under Cd stress (Fig. 3) . The reduced MDA contents in inoculated plants advocate for Acinetobacter sp. CS9 helping mitigate Cdinduced oxidative stress [51] .
Effect of Acinetobactor sp. CS9 on Bioavailability and Uptake of Cd
The value of water-extractable Cd in un-inoculated soil was 9 and 17 mg kg -1 under 100 mg kg -1 Cd and 200 mg kg -1 Cd-amended soil, respectively. However, bacterial inoculation increased the value of waterextractable Cd up to 41% and 26% in 100 mg kg -1 Cd and 200 mg kg -1 Cd-treated soils, respectively, as compared to corresponding un-inoculated soils (Fig. 4) . During the present study, higher contents of Cd were observed in roots as compared to aerial parts of C. longifolius plants under Cd stress. The cadmium may be absorbed in roots through symplastic or apoplastic pathways [52] . Similar to our findings, higher Cd contents were observed in roots of tall fescue and bluegrass plants subjected to Cd stress [53] . The un-inoculated plants exhibited 41, 8 , and 15 mg kg -1 Cd uptake in their roots, leaves, and shoots, respectively, under 100 mg kg -1 Cd. Moreover, the un-inoculated plants showed 98, 17, and 26 mg kg -1 Cd in their roots, leaves, and shoots under 200 mg kg -1 Cd, respectively. After bacterial inoculation, the Cd uptake enhanced up to 29%, 41%, and 46% in the roots, leaves, and shoots under 100 mg kg -1 Cd, respectively. Similarly, the Cd accumulation enhanced up to 25%, 37%, and 39% in roots, leaves, and shoots of inoculated C. longifolius plants, respectively, as compared to relevant un-inoculated treatments. During the current study, Cd translocation from root to shoot was significantly improved in Acinetobactor sp. CS9-inoculated plants grown in 100 mg kg -1 Cd-amended soils as compared to un-inoculated ones. Similarly, the bioconcentration factor of Cd also significantly enhanced in inoculated C. longifolius plants treated with 100 mg kg -1 Cd in contrast to un-inoculated plants. with the application of Acinetobactor sp. CS9 on C. longifolius plants, the TF and BCF increased up to 13% and 38% under 200 mg kg -1 Cd with respect to corresponding un-inoculated treatments, respectively (Fig. 4) .
The symbiotic relationships between plant-microbes play a key role in phytoremediation of Cd-polluted soils [54] . Growth-promoting bacteria may alleviate metal stress by restricting the movement of metalloids in roots or the dilution of metal contents within specific tissues of assisted plants [55] . Heavy metals obstruct the uptake and translocation of phosphorus and other nutrients in plants. Nevertheless, bacteria capable of synthesizing IAA with phosphate-solubilizing capability boost nutrient uptake, stress mitigation, and phytoremediation in assisted plants [56] . Similarly, Acinetobacter sp. CS9 is capable of producing siderophore, which may have increased Cd mobility toward plants, resulting in enhanced phytoextraction by inoculated plants [57] . The present results show that Acinetobacter sp. CS9 is capable of reducing Cd phytotoxicity in inoculated C. longifolius plants by increasing the quantity of photosynthetic pigments, shoots, and root growth, along with subsequent biomass production. The improved biomass enhances Cd phytoextraction in inoculated plants. In general, the current study shows that Acinetobacter sp. CS9 may mitigate Cd stress and improve the phytoextraction potential of C. longifolius plants.
Conclusions
The current study demonstrates that Acinetobacter sp. CS9 improves stress alleviation, growth, and phytoremediation potential of C. longifolius under Cd stress. The growth-promoting attributes of this bacterial isolate such as capability for siderophore production, phosphate solubilization, ACCD, and auxin production makes it an ideal candidate for exploitation in trials regarding metal stress alleviation and phytoremediation. The further genetic and molecular research will help to elucidate plant-microbe synergistic relationships to develop effective phytoremediation strategies.
